Introduction
Current techniques of scanning electron microscopy are incapable of finding pores in dialysis membranes. Indirect methods of determining their pore size have been reported. Klein1 '6) proposed an excellent method using a well-known pore model, in which solute permeability is first measured with various solutes capable of penetrating dialysis membranes.
Pure water and solute permeability data allow determination of pore radius depending on the solutes used. Values for pore radius are lower with 3H-water than with 14C-urea.
Wehave proposed a tortuous pore model improved from the pore model, with which structural parameters of pore radius, surface porosity and tortuosity may be determined for dialysis membranes from pure water and solute permeability and water content data.
The structural parameters obtained with radioisotope-labeled urea, glucose and sucrose were almost the same for each membrane,as reported in our previous paper.
3) The objective of the present paper is to measurethe solute permeability of commercially available dialysis membranes using 3H-water, followed by determination of structural parameters with the tortuous pore model, and to clarify the dependence of the parameters on the solutes used.
Tortuous Pore Model
Using the tortuous pore model, the solute and pure water permeability can be expressed by Eqs. (1) and (2) :
From Eqs. (1) and (2), Here i and Ak can be obtained by Eqs. (8) and (9):
2. Experimental
Dialysis membrane
Technical data on the commercially available dialysis membranes tested are summarized in Table 1 . Table 2 presents experimental values of the inner diameter and wall thickness of hollow-fiber dialysis membranes, expressed as the mean and standard deviation of 100 measurements under wet conditions.
Water content
The water content (v/v%) of the membranestested, which indicated the space required for solute transport, was measured by the standard method using 120 membranetubes 5 cm in length.
Solute
Tritium-labeled water was used to determine solute permeability of dialysis membranes in the present 2.4 Solute and pure water permeability Dialysis experiments were made to determine solute permeability at a dialysate flow rate such that the boundary layer formed on the outside of hollow-fiber membranescould be completely eliminated. A membrane tube filled with 3H-water solution of a concentration of 5Cim~3 was sealed at either end and fixed in the experimental apparatus for dialysis. The 3H-water was dialyzed five or more times for predetermined periods at 310 K. Solute concentration in the membrane tube was measured with a liquid scintil- The pure water permeability was measured with a dialyzer, which had been rinsed with 2 liters of saline to removesurface-active agents from membrane surfaces. Feed pressures at inlet PBi and at outlet PBo and filtrate pressure PF were measured at a temperature of 310 K. The pure water permeability was calculated by Eqs. (10) and (ll): 
Results and Discussion
Experimental values of solute and pure water permeability of the dialysis membranes tested using 3H-water and 14C-urea are summarized in Table 2 . Solute permeability depends on the wall thickness and water content of hollow-fiber dialysis membranes. Pure water permeability depends on the pore size, wall thickness and water content. Calculated values of pore radius from solute and pure water permeability data obtained with 3H-water and 14C-urea differ for hydrophilic membranes but not for hydrophobic PMMAmembranes (B2-100), and are lower with 3H-water than with 14C-urea, as listed in Table 3 . The PMMAmembranes may have no affinity for either urea or water, resulting in almost the same pore radius for each solute. Table 3 also presents values for surface porosity and tortuosity obtained by using Eqs. (8) and (9).
Surface porosity is higher and tortuosity is lower with 3H-water than with 14C-urea, and for cellulosic membranes than for synthetic polymer membranes. The solutes used give almost the same surface porosity and tortuosity for the PMMA membranes. Intramembrane diffusivity Dmfor each membrane can be determined by introducing (AJt/AX) of 3H-water and solute permeability data into Eq. (12).
The ratio of intramembrane diffusivity to diffusivity in free water for each membraneis summarizedin characterization. The present method using tritiumlabeled water is suitable for characterizing dialysis membranes since no adsorption of tritium-labeled water on fully wetted or hydrophobic membranes tends to occur and the samepaths of solute transport are used in measuring solute and pure water per-meability with tritium-labeled water and water.
C onclusions 1 . Muchattention should be paid to the affinity of test solute for membrane materials in characterizing dialysis membranes from permeability data. 2 . Pore model studies on characterization of hydrophilic membranes for dialysis give lower values of pore radius and tortuosity, and higher values of surface porosity using 3H-water than using 14C-urea. 3 . The method using 3H-water is suitable for characterizing dialysis membranesbecause of lack of adsorption of 3H-water on fully wetted or hydrophobic dialysis membranesand determination of Pm and Lwfor the same solute.
